Aims: Essential hypertension (EH) is a high prevalence disease facing a public health challenge. People were little known about the genetics of diagnosing the cause of EH.
test, and receiver operating characteristics (ROC) curve analysis for the corresponding analysis.
Results:
The expression level of hsa_circ_0037909 in EH patients was significantly higher than that in the healthy controls (P = 0.007), and the expression level of hsamiR-637 in EH patients was significantly lower in than that in the healthy controls (P = 0.039); the same result appears in the HAECs and HUVECs. Hsa-miR-637 (adjusted P = 0.018), hsa_circ_0037909 (adjusted P = 0.005), HDL (adjusted P = 0.024), and serum creatinine (adjusted P = 0.014) were brought into the model which performed logistic regression analysis. The combination of two RNAs was excellent (P < 0.001) through ROC curve analysis. Hsa_circ_0037909 was significantly positively correlated with serum creatinine (P < 0.001) and low-density lipoprotein (LDL) (P = 0.017).
Conclusions:
Our findings suggested that the combination of hsa_circ_0037911 and hsa-miR-637 may be a significant important biomarker for early diagnosis of EH. Hsa_ circ_0037909 may affect serum creatinine or LDL leading to the formation of EH.
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| INTRODUC TI ON
Essential hypertension (EH), with age-related, chronic, and frequent disorder, is prevalent in 40% of adults aged 25 and over as a public health problem. There are many complications of EH, such as hypertensive heart disease, peripheral vascular disease, and retinopathy. 1 In the current study, combination of circBase database and bioinformatics analysis, we tested whether the expression levels of hsa_circ_0037909 were related to EH risk. In addition, the sensitivity of hsa_circ_0037909 analysis was carried out by receiver operating characteristics (ROC) graphs. According to the results, hsa_circ_0037909 may be a potential biomarker for EH as a screening and prevention tools.
| MATERIAL S AND ME THODS

| Study population
In the circRNA microarray step, we collected five newly diagnosed EH and five age-matched (±3 years) and gender-matched non-EH All research subjects had following 12-hour overnight fasting, using ethylenediaminetetraacetic acid to gather venous blood and store at −80℃. All participants' written informed consents were obtained before being enrolled in the study.
| circRNAs and miRNAs extract and reverse transcription
Total RNAs were extracted from peripheral blood samples using 
| Cell culture
△C t = C t (circRNAs) − C t (GAPDH) or △C t = C t (miRNAs) − C t (cel-miR-39
| RE SULTS
| Baseline data of study subjects
Our study aimed to found the circRNAs signature to understand the EH mechanisms underlying the pathogenesis in EH patients; 48 pairs of case controls with sex and age (±3 years) match were enrolled from Yinzhou People's Hospital. In Table 1 , all participants were within normal ranges in the aspect of baseline data. As expected, there were no statistically significant differences in gender and age.
Eosinophilic granulocyte ratio (t = 6.92, P < 0.001) showed statistically significant differences between two groups.
| Validation of gene expression in blood samples
According to microarray data, 5 we selected one up-regulated circRNA and one miRNA that corresponds circRNA. In particular, the GAPDH was considered to be an internal control for normalizing circRNAs and the cel-miR-39 was considered to be an external control for normalizing miRNAs. 5 As shown in Table 1 and Figure 1A , hsa_circ_0037909 was up-regulated (P = 0.007) and hsa-miR-637
was down-regulated (P = 0.039) in EH group. Approximately 1.17-fold increase in hsa_circ_0037909 and 0.70-fold decrease in hsamiR-637 had observed in EH cases compared to that in other groups, respectively.
| Diagnostic accuracy of RNAs
After logistic regression analysis adjusted, we found that some variables were brought into the model including hsa-miR-637 (OR = 3.081), hsa_circ_0037909 (OR = 0.193), HDL (OR = 0.004), and serum creatinine (OR = 1.139) in Table 2 . Our model showed that down-regulated hsa-miR-637 and up-regulated hsa_circ_0037909
can be risk factors for EH.
In addition, independent hsa_circ_0037909 ( Figure 1B ; AUC = 0.682) or hsa-miR-637 ( Figure 1C ; AUC = 0.601) may not be an ideal diagnostic marker through ROC curve analysis, whereas the combination of two RNAs was excellent ( Figure 1D ; AUC = 0.751).
Further data analysis showed that hsa_circ_0037909 has a significant positive correlation with serum creatinine (Figure 2A ; r = 0.396) and low-density lipoprotein (LDL) ( Figure 2B ; r = 0.246, P = 0.017).
| Effect of gene expression in endothelial cells
Since endothelial cells are related to the pathology of target tissue damage of hypertension, we used TNF-α to induce the formation of EH mimics and examined changes about hsa_circ_0037909
and hsa-miR-637. We detected HAECs and HUVECs, the predicted target gene expression in both experimental and negative control groups. qRT-PCR analysis showed that two kinds of endothelial cells 
TA B L E 1 Comparison of characteristics between controls and EH group
significantly up-regulated hsa_circ_0037909 expression levels after treatment with TNF-α (Figure 3) , and hsa-miR-637 was significantly lower. In addition, the degree of up-or down-regulation increases, as the treatment concentration and time increase. Taken together, above results suggested that hsa_circ_0037909 and hsa-miR-637 may play roles in endothelial cell injury.
| D ISCUSS I ON
CircRNAs in great part are derived from exons, and a few RNAs are formed by direct cyclization of introns. 6 Increasing circRNAs has been found in a variety of species over time, including humans. 7 The increasing molecular functional circRNAs were revealed. 8 With the characteristic of back-splicing reaction, circRNAs have been inhibited through ADAR and DHX9, and facilitated by exon skipping, specific protein factors, or reverse complementary sequences. 9 Furthermore, depending on its subcellular localization, circRNAs might play different roles; for example, RNA polymerase II can be recruited by most circRNAs to regulate the expression of specific genes. 10 Also, circRNAs serve as sponges for miRNAs and cytoplasmic proteins, or at transcriptional, posttranscriptional, and translational to regulate gene expression levels. 11 Recent studies have shown that circRNAs serve as biomarkers or therapeutic targets for tumor diagnosis since playing great roles in various tumor biological processes. 12 Importantly, circRNAs involved in the pathogenesis of cardiovascular disease have been revealed, for example, circRNA as miRNA-223 sponges to control cardiac hypertrophy and heart failure. 13 Overall, circRNAs have great potential for disease progression. Nevertheless, research of circRNAs in According to the results of microarray, we found that hsa_ circ_0037909 regulated hsa-miR-637, and hsa_circ_0037909 was up-regulated and hsa-miR-637 was down-regulated. In validation step, the finding was consistent with microarray ( Figures 1 and 3 ).
This is the first time that hsa_circ_0037909 acted as higher regulated and hsa-miR-637 acted as lower regulated in the whole blood and endothelial cells simultaneously.
Hsa-miR-637 levels decrease with tumor that highly correlated.
It could act as a suppressor regulated on follicular thyroid carcinomas, 13 ovarian cancer, 14 and hepatocellular carcinoma, 15 and it also participated in the differentiation of cells, such as human mesenchymal stem cells, 15 migration and invasion of glioma cell, and human pancreatic ductal adenocarcinoma cells via suppressing Akt1 expression. 16 At the same time, hsa-miR-637 can performed as a marker of follicular thyroid cancer, 17 even hypertension. 18 In the ATP6V0A1 polymorphism, the miR-637 expression has been associated with EH development. 19 In another study, down-regulation of hsa-miR-637, which regulates the CDK6 expression from lung smooth muscle cells, increases the risk of hypoxia-induced pulmonary hypertension. 20 A team of O'Connor et al 21 DT found that hsa-miR-637 level was decreased in the plasma of hypertension patients. Some studies have shown that known genes have been regulated by hsa-miR-637, for example, RDH11, KLHL7, CERKL, AIPL1, and USH1G. 22 In conclusion, we have enough reasons to speculate that hsa-miR-637 may affect EH occurrence.
Some scientists discovered that hsa_circ_0003575 was a higher expression in HUVECs, which induced by oxidative modified LDL (oxLDL), and promoted the HUVECs proliferation and angiogenesis. 23 The mechanism is explained by the circRNAs, as a miRNAs sponge, with an indeterminate amount of miRNA response elements in its cyclic structure. Therefore, circRNAs may absorb the number of miRNAs and promote the expression of mRNAs. 24 In the current study, we discovered that hsa_circ_0037909 was up-regulated not only in whole blood, but also in both HAECs and HUVECs. The corresponding hsa-miR-637 is down-regulated. Meanwhile, there is a positive correlation between hsa_circ_0037909 and LDL. The relationship between serum creatinine and hypertension has been released. 25 Luan et al also found that circRNAs have a positive correlation with serum creatinine and act as a sponge for hsa-miR-150. is up-regulated in HUVECs. 23 CircANRIL is transcribed on chromosome 9p21 at the atherosclerosis-related position, induces apoptosis, and then inhibits the macrophages of smooth muscle cells and proliferation. 27 Large quantity circRNAs were distinguished in hypoxia-induced endothelial cells, for example, cDEN-ND4C. One experiment demonstrated that cZNF292 reticent inhibits spheroid germination and endothelial cell tube formation. 28 CircRNA_000203 sponge of miR-26b-5p, Col1a2, Col3a1, and α-SMA increases expression and then stimulates pro-fibrosis circRNA in mouse cardiac fibroblasts. 29 Moreover, profiling and bioinformatics analyses indicated that circRNA is a risk factor for hypertension.
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Taken together, this result presents that hsa_circ_0037909 was significantly increased and hsa-miR-637 was significantly decreased in the EH group and TNF-α-induced HAECs and HUVECs. Their expressions are interrelated with LDL and serum creatinine concentrations. Also, hsa_circ_0037909 may play a meaningful part about EH pathogenesis, which has been suggested. Next, we will build circRNA-miRNA-mRNA network models and seek circRNAs functional mechanism with more depth. 
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